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abandonment of the older theories of melano-
cyte histogenesis. It is now believed that the
precursors of melanocytes migrate from the
neural crest and are first recognizable as mel-
anocytes in the skin during the 3rd month of
embryonic life (6). Melanocytes found in the
dermis after birth (as in blue nevi) are con-
sidered to be the result of an arrested migra-
tion of premelanocytes. Epidernial melanocytes
are believed to be a self-perpetuating popula-
tion, histogenetically independent of the tissues
surrounding the mature cells (7).
In this study findings are presented which
suggest that mast cells and melanocytes are of
similar lineage; the findings also suggest that
under some circumstances mast cells represent
a transitional phase in the differentiation of
nielanocytes. In addition, embryological evi-
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dence of others is cited which indicates that
these concepts are not incompatible with the
neural crest theory of melanocytic origin.
MATERIALS AND METHODS
The tissues were, for the most part, pathological
specimens, chosen to provide a basis for studying
mast cells and melanocytes. Several normal speci-
mens, from humans and animals, were also studied.
Specimens were prepared for examination with
the light microscope by the following technics: 1.
hematoxylin and eosin stain, 2. Giemsa stain, 3.
silver stain, 4. dopa oxidase reaction, 5. peroxidase
reaction, 6. chromaffin reaction, 7. tyrosinase reac-
tion, 8. methylene blue extinction procedure, 9.
iron stain, 10. differential stain for lipofuscin, 11.
toluidine blue stain.
The hernatoxylin and eosin, Giemsa (May-Grun-
wald) (8), silver (Fontana-Masson) (8), iron
(Gomori), lipofuscin (Nile blue sulfate method),
and toluidine blue stains were performed on paraf-
fin sections from tissues fixed in 10% formalin.
Giemsa stains were also performed on sections
bleached with potassium permanganate (8).
The dopa oxidase reaction was performed on
tissue fixed in 5% formalin for 1 or 2 hours and
sectioned with a cold knife microtome (8 to 10
microns). The method used was that of Laidlaw
(pH 7.4) (8). In one instance the reaction was re-
peated at pH 6.3 and pH 6.9.
The peroxidase reaction was performed on fresh
tissue sectioned with a cold knife microtome (30
microns), using the method of De Robertis and
Grasso (ha).
The chromaffin reaction was performed by fixing
the tissue in form ol-chromate solution according
to the method outlined by Coupland (9). Both
unstained sections and sections counterstained with
Giemsa stain were examined.
The tyrosinase reaction was performed on tissue
fixed in 10% formalin, according to the method of
Fitzpatrick el al. (10).
The methylene blue extinction procedure (lib,
16) was performed as follows: sections were stained
for 24 hours in M/2000 methylene blue in veronal
acetate buffer, both with and without saturated
magnesium chloride, at pH levels from 2.6 to 7.9.
Tissues were prepared for electron microscopic
examination by fixation in osmium tetroxide and
then were embedded in araldite. An RCA electron
microscope, model 2-G was used to examine the
sections.
The following tissues were studied:
1. Lesions of urticaria pigmentosa (5 cases).
2. Lesions of canine mastocytoma (3 cases).
3. Intradermal and compound nevi (8 cases).
4. Blue nevi (3 cases).
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The source of melanin in the skin has long
been the subject of considerable interest. Late
in the 19th century and early in the 20th
century divergent views held that pigment cells
either developed from the connective tissue
immediately beneath the epidermis or by
transformation of ordinary epidermal cells.
Meirowsky and others advanced the theory that
mast cell granules had a histogenetic relationship
to pigment granules, and therefore mast cells
represented an intermediate stage in the develop-
ment of pigment cells (2). In a later study Nay
(3) attempted to show that mast cells were
precursors of melanocytes in hair follicle pig-
mentation in the mouse.
As early as 1910 Harrison (4) suggested the
possibility that pigment cells were derived from
the neural crest. The theory was subsequently
corroborated, particularly by the embryological
studies of DuShane (1) and Rawles (5). The
demonstration of the neural crest derivation
of melanocytes led to an almost universal
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5. Seborrheic keratoses (2 cases).
6. Lesion of lichen planus (1 case).
7. Lesions from areas of chronic dermatitis with
hyperpigmentation (4 cases).
8. Normal Negro abdominal skin (1 case).
9. Vitiliginous Negro skin (1 case).
10. Peritoneal tissue from normal mice (2 cases).
11. Skin from both black and white areas of a
hooded rat (1 case).
RESULTS
1. Giemsa Stained Sections
With a Giemsa stain mast cell granules ap-
peared violet and melanin granules appeared green
or greenish-brown. All of the pathological lesions
studied showed the presence of spindle-shaped or
dendritic cells in the loose connective tissue (i.e.,
in the upper dermis and in areas around blood
vessels and cutaneous appendages), containing
either violet granules, green granules, or both.
The ratio of cells containing green granules to
those containing violet granules varied with the
type of lesion examined. In urticaria pigmentosa
cells containing violet granules predominated,
whereas in post-inflammatory hyperpigmentation
and nevi, cells containing green granules predomi-
nated. In all cases, cells containing both types of
granules were present in small numbers.
The cells with green granules and the cells
with violet granules looked alike in size and shape
in any given field. There were differences in the
configuration of these cells depending on their
position in the dermis; those located immediately
below the basement zone of the epidermis and im-
mediately adjacent to blood vessels were smallest
and most dendritic. Around blood vessels they
were often in chain formation, with the long axis
paralleling the blood vessel wall. The dendritic
shape of these cells usually was most apparent
with a silver stain. Dendritic cells with violet
granules were frequently seen just below the base-
ment zone of the epidermis (Fig. 1), and occa-
sionally such cells appeared to straddle the base-
ment zone. Often similar cells were observed in
groups, extending from the basement zone down
to the lower levels of the dermal papillae. In one
case of canine mastocytoma dendritic cells with
\!iolet granules were seen in the basal layer of the
epidermis. A heavily pigmented lesion of lichen
planus contained highly dendritic cells in the
epidermis, some of which contained both violet
and green granules. In many fields small, dendritic
cells with no visible granulation were present just
below the basement zone of the epidermis.
In the cases of urticaria pigmentosa and canine
mastocytoma studied, the mast cells in the deeper
areas of the dermis were predominantly rounded
and large, while the cells in the more superficial
areas were predominantly elongated or dendritic.
In one case of urticaria pigmentosa nests of mast
cells were seen, just below the basement zone of
the epidermis, which had a close resemblance to
nevus cell nests as they appear in the upper dermis
(Fig. 2). Another case of urticaria pigmentosa
showed polygonal mast cells in the deeper dermis,
in formation closely resembling the pattern seen
in deeper portions of dermal nevi.
In the dermal nevi examhmd, the strands and
nests of nevus cells usually followed the distribu-
tion of loose areolar tissue around blood vessels.
In all dermal nevi many mast cells were seen
throughout the dermis. Elongated cells with mast
granules were observed at the periphery of the
nevus cell clusters which were identical in appear-
ance to the mast cells in the surrounding tissue.
These cells appeared to have a consistent struc-
tural relationship to the enclosed nests, being in
arcuate formation around the nevus cells. Occa-
sionally cells of similar shape and arrangement
FIG. 1. llrticaria pigmentosa: A dendritic cell (arrow) at the epidermal-dermal junction contains
mast granules. Giemsa stain (X 1098).
p
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containing pigment granules were observed (Fig.
3). Some of the nevus cells at the centers of the
nests contained very fine violet granules.
The blue nevi were characterized by whorls
of spindle-shaped or dendritic cells of varying
size, which were found in greatest numbers in the
perivascular connective tissue. Throughout the
dermis they assumed arcuate formations between
intact collagen fibers. Most of the cells were filled
with granules staining a dark greenish-brown; but
some of them also contained a few violet gran-
ules. In addition, a few cells with similar con-
figuration were seen which contained only violet
granules. At the periphery of the tumor, cells
containing violet granules increased in proportion
to the others.
Sections from each diagnostic category in which
dual granulation was observed were studied fur-
ther by the following staining technics: silver
(Fontana-Masson), Prussian blue (Gomori), Nile
blue sulf ate method for lipofuscin. In all instances
the results of these stains indicated that the brown
pigment present was melanin and not lipofuscin
or hemosiderin. In addition, sections of each diag-
nostic category were stained with toluidine blue.
The distribution of metachromatic material re-
vealed with this stain paralleled the distribution
revealed with Giemsa stain.
In a slide containing I serial sections of a blue
nevus, 2 sections were bleached, and then ad-
jacent bleached and unbleached sections were com-
pared. A field in the unbleached section showing
only cells with melanin granules was compared with
the corresponding field in the bleached section.
The melanocytes in the bleached section con-
tained granules with varying degrees of rnetachro-
masia; the largest cells contained granules which
were basophilic, but not rnetachromatic, while
Fic. 2. Urticaria pigmentosa: Mast cells in the
upper dermis show nesting similar to the pattern
seen in nevi. Giemsa stain (X 504).
the smallest cells contained granules which were
intensely metachromatic. The degree of matachro-
masia appeared to be inversely proportional to
the size of the cell.
FIG. 3. Elongated cells are seen encompassing the nevus nests. A granulated cell (U) contains melanin.
A similar cell in tl' adjacent nest (H) contains homogeneous metachromatic cytoplasm. Giemsa stain
(X 536).
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FIG. 4. Canine mastocytoma: a. (low power). Numerous dopa positive cells are seen throughout the
dermis. The greatest intensity of reaction is in the upper dermis. Dopa oxisae reaction. (X 98). b. (high
power). The dendritic, dopa positive mast cells (D) in the upper dermis resemble the dopa positive
melanocytes (D) in the basal layer of the epidermis. Dopa oxidase reaction (X 536).
2. Dopa Oxidase Reaction
In the 5 cases of urticaria pigmentosa and ca-
nine mastocytoma subjected to the dopa oxidase
reaction at pH 7.4, between 20% and 30% of the
mast cells formed dopa melanin (Fig. 4). In all
eases control sections were stained with Giemsa
stain to establish the identity of the dopa positive
cells. The elongated or dendritic mast cells in
the upper dermis had the greatest proportion of
positive reaction.
The sections of one of the cases of canine
mastocytoma were of particular interest. They
showed numerous dopa positive cells in the
upper dermis which resembled the dopa positive
cells which were located nearby in the basal layer
of the epidermis (Fig. 4—high power).
The dopa oxidase reaction was repeated at
pH 6.3 and pH 6.9 in one case of Ilrticaria pig-
mentosa. Dopa positive mast cells were observed,
but in fewer numbers than at pH 7.4.
Sections of a lesion of lichen planus subjected
to the dopa oxidase reaction showed dendritic dopa
positive cells in the bandhke zone of infiltrate
and just below this zone (Fig. 5).
Sections of hyperpigmented skin of chronic
dermatitis showed dendritic dopa positive cells in
the upper dermis. Similar cells were observed in
soborrheic keratoses, hyperpigmented zone of vitil-
igo, and normal Negro abdominal skin. The
depigmented zone of vitiligo showed no dopa
oxidase activity.
Peritoneal spreads of white and black mice
contained numerous dopa positive mast cells.
Skin specimens from a hooded rat (white ex-
cept for black head, neck and V area of back)
in a white area and a black area showed the
following: Unstained sections from the black
area revealed scattered spindle-shaped and den-
dritic cells in the dermis, containing coarse black
granules. Unstained sections from the white area
showed only a few pigmented cells in the dermis.
Sections from the white area when subjected to
the dopa oxidase reaction, contained numerous
dopa positive cells having the same morphologic
characteristics and distribution as the pigmented
cells seen in the black area. Control sections
stained with Giemsa stain identified these cells
as mast cells.
3. Benz idine Reaction for Peroxidase
Sections of the case of urticaria pigmentosa
subjected to the benzidine reaction for peroxidase
revealed mast cells showing a positive reaction
(i.e., blue granules). They were present in ap-
proximately the same number and distribution
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as the cells which had previously shown a positive
dopa reaction.
Sections of a heavily pigmented dermal nevus
obtained from a Negro, when treated in this man-
ner, revealed scattered spindle-shaped cells in
the upper dermis with granules giving a positive
benzidine reaction. Most of the pigment-con-
taining cells in the main mass of the nevus
showed no reaction, but scattered cells with green
granules were present both within the tumor mass
and at its margins. A few cells with blue granules
were also seen at the periphery of the tumor mass.
The green granules were interpreted as being
melanin granules with peroxidase activity, the
green color resulting from the optical effect of
incident light passing through both melanin
(yellow) and accepted stain (blue).
The benzidine reaction performed on a second
dermal nevus showed a similar pattern. However,
in this case, many of the nests of nevus cells
showed a positive reaction. In addition, elongated,
peroxidase positive cells were seen which straddled
the epidermal-dermal junction, and a few den-
dritic cells with green cytoplasm were seen in the
basal layer of the epidermis.
4. Chromaffin Reaction
Tissue from one of the cases of urticaria pig-
mentosa was subjected to the chromaffin reaction.
This was a rather unusual case of a 16 year old
girl who had clustered mast cell tumors in the
posterior regions of the scalp and neck resembling
neurofibromas.
The unstained sections from the tissue fixed in
formol-chromate solution revealed a small number
of spindle-shaped cells with refractile yellowish-
brown granules, scattered throughout the dermis.
With Giemsa stain the granules appeared a bright
yellowish-green. The chromaffin positive cells were
most numerous in the perivascular connective
tissue.
5. Tyrosinase Reaction
Tn a patient with urticaria pigmentosa a lesion
was irradiated in vivo with ultraviolet light (from
a hot quartz mercury vapor lamp) for one week,
and the excised specimen was subjected to the
tyrosinase reaction, following the method of
Fitzpatrick et al. (10). Dendritic, tyrosinase posi-
tive cells, were seen in both the basal layer of
the epidermis and in the connective tissue just
below the basement zone (Fig. 6). An occasional
dendritic, tyrosinase positive cell was seen some-
what deeper in the dermis.
6. Methylene Blue Extinction
The methylene blue extinction procedure was
carried out on sections of a blue nevus, a lesion
of urticaria pigmentosa, and a fragment of adult
hyaline cartilage.
The only tissue components accepting methylene
blue stain at pH 2.85 were melanin granules, mast
granules and cartilage. The melanin granules in
Fic. 5. Lichen planus: Dendritic, dopa positive
cells (D) are present in the inflammatory zone of
the dermis and the basal layer of the epidermis.
Dopa oxidase reaction (X 504).
the melanocytes of the blue nevus accepted
methylene blue at pH 2.85 even in the presence of
saturated magnesium chloride.
7. Ultrastructure of Mast Cells and
Dermal Nevus Cells
In a lesion of urticaria pigmentosa closely packed
mast cells were examined with the electron micro-
scope. These cells had numerous dendritic proc-
esses and the nuclei were crescent-shaped; the
cytoplasm had a fairly dense endoplasmic reticu-
lum (Figs. 7 and 8). Within the cytoplasm there
were numerous spherical granules, each of which
was enclosed by a single-layered membrane. The
granules measured 50 millimicrons to 320 milli-
microns in diameter and had a finely particulate
internal structure. Tn many granules fine internal
striations could be observed (Fig. 7), and in some
of them coarse, electron dense particles were
arranged along these striations (Fig. 7). Many
granules showed a halo-like space, 10 to 20
millimicrons in width, between the central aggre-
gate of particles and the outer limiting membrane
(Fig. 7). A few granules possessed the same ob-
long shape as seen in melanin granules of epi-
dermal melanocytes (Fig. 8).
The nevus cells studied were also dendritic and
contained crescent-shaped nuclei. Their endo-
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FIG. 6. Urticaria pigmentosa: The tyrosinase reaction shows dendritic, positive staining cells in the
upper dermis (X 1600).
plasmic reticulum was less dense than that ob-
served in the mast cells. The smaller granules
in the cytoplasm of the nevus cells had an
internal structure similar to the mast cell granules
of corresponding size (Fig. 9). The larger granules
also resembled mast cell granules of similar size,
but differed only by the presence of coarse, elec-
tron-dense droplets, presumably corresponding to
the degree of melanization (Figs. 9 and 10).
DISCUSSION
The observations presented constitute essen-
tially circumstantial evidence, which by its
very nature cannot conclusively prove hypoth-
eses involving cellular transformation and
transmigration. Nevertheless, for reasons which
are summarized below, these findings, viewed
in aggregate, suggest the following possibilities:
1. Both tissue mast cells and melanocytes
develop from undifferentiated mesenchymal cells
present in connective tissue, particularly loose,
areolar connective tissue.
2. Tissue mast cells can undergo melanization.
3. At least some of the pigmented cells found
in the dermis, ordinarily considered to have
phagocytized melanin, are actually functional
melanocytes.
4. Epidermal melanocytes arise from undif-
ferentiated mesenchyrnal cells immediately be-
low the basement zone of the epidermis, and
melanize after crossing into the epidermis. In
some instances it appears that they pass
through the stage of mast granulation.
5. Dermal nevus cells and the cells of blue
nevi arise from precursor cells in the dermis
which may go through a phase of mast granula-
tion.
The evidence in favor of these hypotheses
may be summarized as follows:
1. Morphological Similarity between Ma.st Cells
and Dermal Pigment-Containing Cells
The association of cells with uniform mast
granulation with cells having uniform melanin
granulation, and their resemblance to each other
in size and shape has been described. Many of
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FIG. 7. IJrticaria pigmentosa: a. (low power). Electron photomicrograph of mast cells. The granules
possess a finely particulate, striated internal structure. Some of the granules show coarse, electron-dense
particles forming in a linear fashion along tile striations (A). A few granules show a space between the
central core of fine particles and the outer limiting membrane (B) (X 10,830). b. (high power). Electron
dense particles are present along the linear striation (A) (X 41,040).
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FIG. 8. EJrticaria pigmentosa: Electron photo-
micrograph of mast cell. A few oblong cytoplasmic
structures with internal striations, resembling the
melanin granules seen in epidermal melanocytes,
were observed (M) (X 21,600).
these cells, particularly in the upper dermis, had
the unequivocally dendritic shape which is char-
acteristic of melanocytes. In the areas cited, there
almost always was a minority of cells with dual
granulation. The presence of cells with dual gran-
ulation was undoubtedly the principal finding
which engendered the early theories attributing
the property of melanin synthesis to mast cells.
The critics of this idea, including Weill (12) and
Quevedo (13), considered the co-existence of
mast granules and pigment granules within the
same cell to be the result of phagocytosis. If
this phenomenon is due to phagocytosis, the
question arises as to whether the involved cells
have ingested both mast granules and melanin
granules, or whether the involved cells are mast
cells which have ingested melanin. The phago-
cytic potential of mast cells is still a matter
of dispute. Michels (2) records many conflict-
ing opinions. Burton (13a), on the basis of in
vitro studies, believes that mast cells develop
from phagocytic cells which ingest part of the
ground substance; but this is undoubtedly a
minority view.
Our observations do not support the conten-
tion that phagocytosis is responsible for dual
granulation. The close resemblance of cells with
dual granulation with neighboring cells show-
ing uniform mast or pigment granules, suggests
that these cells were all of the same type. If
these cells were phagocytes, they would have
had to be extraordinarily selective, since any
given field contained a large majority of cells
with uniform granulation. On the other hand,
if it is postulated that all of these cells were
mast cells, some of which had ingested melanin
granules, an explanation would have to be given
for those cells containing only melanin. If, as
Quevedo (13) suggested, the associated cells
are mast cells and macrophages of similar con-
figuration, it would be difficult to account for
the almost universal uniformity of granulation;
cells with only a few melanin granules in their
cytoplasm were not seen.
The presence of metachromasia in the
bleached granules of melanocytes of the blue
nevus suggested that these cells were mast cells
undergoing melanization. The inverse relation-
ship between degree of metachromasia and cell
size would support the idea that the larger, less
metachromatic melanocytes were older cells
which had lost part of their metachromasia in
the process of melanization.
The possibility that the metachromasia ob-
served in the bleached melanin granules was
induced by the oxidizing agent has been con-
sidered. Pearse (14) has stated that protein
containing a reasonably high level of cysteine
or cystine might undergo metachromasia when
oxidized, but that he was not aware of work
actually demonstrating this phenomenon in
melanin granules. Oxidized sulfur in amino acids
might account for basophilia; but it would be
difficult to account for rnetachromasia on this
basis since the periodicity of sulfate groupings
required for metachromasia (see below) would
not be fulfilled by the distribution of sulfur-
containing amino acids as normally found in
protein.
If mast granules evolve into melanin granules,
the possibility exists that the basophilia of mela-
nin is due to sulfated acid mucopolysaccharides;
sulfate radicals, therefore, may represent an im-
portant attachment site for melanin precursors.
I C
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Fm. 9. Intradermal nevus: Electron photomicrograph of pigmented cell from upper portion of the
lesion. The smaller granules (S) resemble mast cell granules of similar size seen in Fig. 7 (X 10,688).
According to Sylvén's theory (15), metachroma-
sia results from two chemical processes: 1. the
formation of salt linkages between electropositive
dye molecules and electronegative groupings on
the substrate molecules, which he regards as cen-
ters of orientation; and 2. aggregation of the dye
molecules by the formation of new intermolecular
bonds (Fig. 11). The requisite aggregation of dye
molecules is, in turn, dependent on a minimal
intercharge distance between electronegative
groupings. It is possible that, in the process of
melanization, salt linkages are formed between
sulfated acid mucopolysaccharides and electro-
positive imine or amine groupings on melanin
precursors, similar to the linkages formed be-
tween acid mucopolysaccharides and basic dyes.
A comparison of the structure of the melanin pre-
cursors, dopachrome and indole-5,6-quinone, re-
veals a common feature: the presence of a para-
quinonoid ring (Fig. 12). In a sense, the melanin
precursors may act like basic dyes. If the pro-
posed linkages between melanin precursors and
acid mucopolysaccharides are maintained, during
the process of bleaching, the decreasing availabil-
ity of electronegative groupings for dye aggrega-
tion would explain the decreasing metachromasia
observed with progressive melanization (Fig 11).
The refractory nature of melanin has made
investigation of its mode of polymerization and
the type of linkage with protein existing in the
melanin molecule difficult. In our study the
results of the methylene blue extinction test
indicate that melanin contains sulfate groups.
Pearse (llb) has stated that, if nucleic acids
can be excluded, the capacity to bind methyl-
ene blue below a pH of 4 almost certainly in-
dicates sulfate groups. The presence of a high
concentration of magnesium ions was used to
exclude nucleic acid staining in our sections.
The demonstration of metachromasia in melanin
granules after bleaching suggests that the sul-
fate present is incorporated in sulfated acid
mucopolysaccharides.
Further indications that acid mucopolysac-
charides may be contained in melanin are the
findings of Lillie (16) and Greenstein (17).
Lillie demonstrated sulfonic acid groups or
ester sulfates in the melanin molecule, and
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FIG. 10. Intradermal nevus: Electron photomicrograph of pigmented cell from upper portion of the
lesion. The relatively non-pigmented granules (G) resemble granules of similar size in mast cells from
a lesion of urticaria pigmentosa (G)-Fig. 8 (X 25,200).
SUBSTRATEQL
DYE
FIG. 11. The diagram illustrates the mechanism of dye acceptance in staining of acid mucopolysac-
charides. X = water molecule. (After Pearse, A. G. E.: Histochemistry, p. 249.)
a
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believed this accounted for the observed baso-
philia of melanin. Greenstein, who demon-
strated the presence of a pseudoglobulin com-
ponent in the melanin of mouse melanoma
tissue, suggested that the link between melanin
polymer and protein might be similar to the
linkage between polysaccharides and protein.
2. Comparison of the Distribution and Grouping
of Mast Cells and Pigment Cells
Tissue mast cells in higher vertebrates, in-
cluding man were considered by Maximow (18)
to be formed in the loose, areolar connective
tissue throughout the body. The distribution
of mast cells in these tissues, particularly
around blood vessels, is well known (18). A
striking parallel exists in the distribution of
melanocytes in animals, including higher ver-
tebrates. Goldberg (19) has described the wide-
spread presence of melanocytes in fowl, with
distribution in serous membranes and loose
areolar connective tissue, particularly around
blood vessels. Szabó (20) has observed melano-
cytes in the dermis of the gibbon, having a
perivascular and perineural distribution.
The similarities in the distribution of mast
cells and pigment containing cells in our sec-
tions has been noted, as well as the tendency
of both mast cells and pigment containing cells
to be smaller and more dendritic in the areas
containing loose, areolar connective tissue. The
presence of mast cells in the basal layer of the
epidermis in several instances, and the tendency
of mast cells in urticaria pigmentosa to aggre-
gate in formations similar to those seen in
dermal nevi, has also been noted. Perhaps the
most striking parallel between the distribution
of dopa positive mast cells and melanocytes was
demonstrated in adjacent black and white areas
of rat skin.
The consistent structural relationship of mast
cells to dermal nevus cell nests has been de-
scribed, as well as the presence of cells with an
appearance intermediate between that of mast
cells and nevus cells.
3. Histochemical Parallels between Mast Cells
and Melanocytes
Mast cells were shown to be capable of
forming dopa melanin. In addition, peroxidase
activity was demonstrated in both mast cells
and melanocytes.
The dopa oxidase activity demonstrated in
coo—
QUINONE—IMINE
FIG. 12. Comparison of the structure of dopa-
chrome (melanin precursor) with quinone imine(prototype from which thiazine dyes are derived).
Both molecules contain a paraqurnonoid ring.
pigment-containing cells, ordinarily considered
phagocytes, may indicate that these cells are
pigment producing cells. An alternative ex-
planation, that this observatioi was due to
reactivation of enzymatic activity in phago-
cytized granules, seems less likely, since many
of these cells were located at a considerable
distance below the epidermis. The intensity of
the dopa reaction, often quite pronounced, also
seems to be against the theory of enzymatic
reactivation.
4. Ultrastructural Comparison of Mast Cells
and Dermal Nevus Cells
The mast cell granules and nevus cell gran-
ules observed appeared to be of about the same
size range and internal structure, differing only
by the presence of more electron dense material
in the latter, presumably corresponding to the
degree of melanization. There also was a close
resemblance between the mast cell granules
and the granules described by Mishima (21)
in the type A. epithelioid nevus cells. He dem-
onstrated early melanin formation along the
interial striations of the granules, similar to the
pattern seen in the mast cell granules in our
study. He also demonstrated dopa melanin for-
mation in nevus cell granules by electron mi-
croscopic examination of sections incubated in
dopa.
0.
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The larger mast cell granules observed by us
resembled closely the type 1 granules described
by Breathnach (22) in dermal melanocytes in
the upper dermis of a small pigmented lesion.
5. The Embryologic Origin of Mast Cells
and Melanocytes
The neural crest origin of melanocytes is
well established, and a hypothesis that melano-
cytes develop, in adult life, from connective
tissue precursors would appear, at first glance,
to be contradictory. However, evidence has
accumulated indicating that the neural crest
gives rise to a surprising variety of tissues.
This work has been reviewed in 1950 by
Hörstadius (23). Kastchenko (24), in 1888,
was the first to suggest that mesenchyme may
originate in the neural crest. Platt (25) found
that not only nerves but also mesenchyme
forming the cartilage of the visceral arches and
the dentine of the teeth were derived from
ectoderm, and she proposed the term "mesec-
toderm" for the mesenchyme of ectodermal
origin. In subsequent years, numerous inves-
tigators found evidence to support this idea,
while others denied the possibility of mesen-
chyme arising from the ectoderm.
In the early nineteen twenties the problem
was clarified. Many investigations showed that
in all vertebrates mesenchyme emerges from the
neural crest and migrates ventrally, forming the
visceral arches and also the anterior parts of
the trabeculae cranii (23).
In addition to the spinal ganglia and the
cartilages of the head, the neural crest gives
rise to, or participates in the formation of other
organs or structures, including the meninges,
the teeth and the dermis (23). Raven (26),
using xenoplastic transplantations, found that
a considerable portion of neural crest differ-
entiates into connective tissue, including the
dermis. He suggested that not only the major
portion, but perhaps all cells of the dermis are
of neural crest origin. This view was supported
by Holtfreter (27).
With these studies in mind, it is pertinent
to cite the observation of Zimmermann (6)
that in the embryo the earliest migration forms
of melanoblasts cannot be distinguished from
surrounding mesenchymal cells.
Additional support for the concept of neural
crest participation in the formation of the
dermis is added by the studies of Phillips, Burch
and Hibbs (28), Burch and Phillips (29), and
of Adams-Ray and Nordenstarn (30). These
authors demonstrated chromaffin cells in the
dermis in a characteristic perivascular and
perineural location. A neural crest derivation
for these cells can be inferred, if they are of
the same lineage as similar cells in the adrenal
medulla.
Burch and Phillips (29) speculated that the
chromaffin cells in the dermis are a local source
of epinephrine and nor-epinephrine. In a sub-
sequent work, Hibbs, Phillips, and Burch (31),
on the basis of electron microscopic findings,
concluded that the dermal chromaffin cells were
actually mast cells. Coupland (9) denied the
existence of dermal chromaffin cells, and be-
lieved that the previous reports misinterpreted
adsorbed chromate which was present because
of inadequate washing. In our study, chromaffin
cells were observed in a lesion of urticaria pig-
mentosa. After fixation in formol-chromate, the
specimen was washed for 5 hours with repeated
changes of water.
In another work, Coupland and Heath (32)
demonstrated cells which were both chromaffin
and argentaffin, in the liver capsule and gut of
oxen, cows, and sheep. They believed that these
cells were tissue mast cells. On the basis of the
histochemical work performed by other authors
Coupland and Heath (32) concluded that these
cells contained dopamine.
In summary, the hypothesis of the histo-
genesis of melanocytes from connective tissue
elements is not incompatible with current con-
cepts of developmental anatomy.
6. Consideration of the Current Theory of
Melanocyte Formation in Humans
In our opinion the currently accepted theory
that epidermal melanocytes are self-perpetu-
ating population of cells is open to question.
Breatlinach (33) cites the following as evidence
to support this concept:
1. Epidermal melanocytes multiply in tissue
culture.
2. Epidermal melanocytes rapidly repopulate
the epidermis overlying scars.
3. Mitotic figures have been seen in melano-
cytes in normal and hyperplastic epidermis.
The assertion that epidermal melanocytes
multiply in tissue culture is certainly not proven
by the references cited by Breathnach. In both
of these studies (34, 35) whole skin, not epi-
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dermis alone, was cultured. In the later study
of Hu et al. both melanocytes and fibrocytes
were positioned between epithelial cells in the
culture. In this study it was noted that melano-
cytes and fibrocytes resembled each other so
closely that they were indistinguishable by
ordinary staining methods.
The repopulation of the epidermis overlying
scars with melanocytes can just as easily be
explained by assuming the upper dermis to be
the source of these cells. In Breathnach's study
(36) the observed sparsity of melanocytes in
the epidermis overlying the center of the scar
may indicate that the pars reticularis of the
dermis regenerates primarily from normal are-
olar connective tissue adjacent to the scar, and
that on this basis melanocyte production would
occur last in the central region. In addition,
the possible migration of melanocytes from
adjacent normal epidermis does not exclude the
possibility of concomitant regeneration from
the dermis.
The observation of mitotic figures in epi-
dermal melanocytes does not constitute proof
that the source of the melanoblast is in the
epidermis. In all likelihood, if the dermis is the
source of melanoblasts, the cells crossing the
basement zone are immature forms capable of
mitotic division.
The presence of dendritic cells containing
mast granules, pigment granules, or no gran-
ules, was noted in connective tissue just below
the epidermis, in many of our sections. In the
lesion of urticaria pigmentosa incubated in tyro—
sine, positive staining cells were seen in this
area. These findings suggest that the precursors
of epidermal melanocytes are in the subepi-
dermal bed of loose connective tissue.
Certain phenomena are not readily explained
by assuming a self-perpetuating population of
epidermal melanocytes. They are (1) the source
of the melanocytes which repopulate regener-
ating hair and feather epithelium, and (2)
post-inflammatory pigmentary changes. In re-
gard to the first problem, Montagna (37) lists
several possibilities:
1. The melanocytes may be furnished by re-
vival of the former melanocytes which lay
dormant.
2. The melanocytes may arise from stem
cells in the epithelium.
3. The melanocytes may arise from cells in
the dermal papillae.
Foulks (38) studied the melanocytes of fowl
feather germ histologically at all stages in the
process of regeneration and tested the ability
of the feather germ at various stages of de-
velopment to produce melanocytes in the coe-
lom of embryos of another species. On the basis
of these studies he concluded that melanocytic
stem cells enter the feather germ from the
dermal tissue.
The phenomenon of post-inflammatory hy-
perpigmentation is currently explained by the
assumption that epidermal melanocytes are
stimulated in some way by the inflammatory
process in the dermis. Post-inflammatory de-
pigmentation is usually explained by assuming
a destruction of epidermal melanocytes (and
ignoring the alleged ability of melanocytes to
be replaced by migration of cells from adjacent
normal epidermis).
By postulating a dermal origin for melano-
cytes, a logical explanation for post-inflam-
matory pigmentary changes is furnished. The
hyperpigmentation seen in the earlier, active
phase of an inflammatory process may be
caused by an increased production of melano-
cyte precursors, along with other connective
tissue elements. Depigmentation, which is or-
dinarily a later development, may result from
destruction of pluripotential mesenchymal cells
in the involved area.
In conclusion, the source of epidermal mel—
anocytes remains to be unequivocally ascer-
tained. However, the evidence favoring a der-
mal origin of melanocytes appears to be
stronger than that supporting the belief that
the epidermal melanocytes are a self-perpetu-
ating population. Since the understanding of
important pathological phenomena depends on
a knowledge of the histogenesis of the melano-
cyte, the problem merits further investigation.
SUMMARY
Morphologic, histochemical, ultrastructural
and embryologic parallels between melanocytes
and mast cells have been presented which sug-
gest that melanocytes and mast cells have a
common connective tissue stem cell, and that
under some circumstances mast cells represent
a transitional phase in the development of
melanocytes.
The principal morphologic findings include:
1. The presence of cells containing both mast
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granules and melanin granules, in many patho-
logical sections.
2. The structural relationship of mast cells to
nevus cell islands.
3. The association and similarity in appear-
ance of mast cells and pigment-containing cells
in many pathological sections.
4. The ultrastructural similarity between mast
cell granules and nevus cell granules, and the
presence within mast cell granules of electron
dense particles arranged along linear striations,
closely resembling the pattern of early melan-
ization of nevus cell granules.
The principal histochemical findings include:
1. The capability of mast cells to produce
dopa melanin.
2. The demonstration of peroxidase activity
in mast cells, nevus cells and melanocytes.
3. The demonstration of tyrosinase positive
cells in the upper dermis in a case of urticaria
pigmentosa.
Embryologic studies of others are cited which
indicate that the connective tissue of the dermis
may be of neural crest origin.
A possible biochemical basis for the trans-
formation of mast granules into melanin gran-
ules has been proposed; that melanin precursors
may polymerize by forming salt linkages with
electronegative sulfate radicals on acid muco-
polysaccharides present in mast cell granules.
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